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Errors in the Lab and in Publications
The analysis of error and efforts to decrease error are a major part of the agenda of the experimental sciences. For 
decades, in hypothesis-driven science texts 
there has appeared a two-by-two table relating 
a hypothesis to a decision whether to accept 
that hypothesis. If a true hypothesis is accepted 
after the study, or if a hypothesis that was actu-
ally false is rejected, the correct decision was 
made. More interesting and challenging are 
the acceptance of a false hypothesis (the beta, 
or type II, error) and the rejection of a true 
hypothesis (the alpha, or type I, error). There 
are reams of statistical texts used for the edu-
cation of scientists with suggestions on esti-
mating the two forms of error: ways of reduc-
ing unpredictability, corrections for perform-
ing multiple tests, randomization, and similar 
procedural approaches. The central message 
of these papers is that the powerful logic of 
the two-by-two table eliminates other sources 
of error. Our overall comfort with these forms 
of experimental error often interferes with the 
identification of more challenging errors in the 
collection and analysis of data. These forms of 
error we designate as type IV and type V error. 
(Alas, type III errors — errors in directional t-
tests — have a 45-year precedent in the litera-
ture (Psychol Rev 67:160–7, 1960).)
Type IV error has been previously described 
as the wrong answer obtained with the wrong 
test. We would expand that definition to include 
a phenomenon that is the bane of experimen-
talists: the bad assay or test, in which things or 
events cause the model to fail or to be incor-
rect. Much of practical laboratory training is 
directed at eliminating type IV errors from 
experiments. Type IV errors can result from a 
mislabeled product from a usually reliable sup-
plier, the unknown malfunctioning of an instru-
ment, errors in very reliable databases, misla-
beled specimens, specimens that have been 
thawed or heated when collected, the use of the 
wrong assay or analytical procedure, measure-
ment error, misclassification, and biased sam-
pling. The general public assumes that type IV 
errors disappear when the PhD is awarded; the 
scientific community expects that after a post-
doctoral experience type IV errors will have 
been addressed and reduced to an operational 
minimum. This is accomplished by inculcating 
the pre- and postdoc with the feedback loop of 
scientific sophistication and healthy skepticism.
Type V errors are made-up results and are 
the stuff of the New York Times, the Wall Street 
Journal, and committees investigating scientif-
ic misconduct. Type V errors are the results of 
“dry-labbed” studies, results that are fabricated 
or fraudulent in part or in their entirety. They 
do not include the appropriation of the data 
of others, plagiarism, or other acts of scientific 
misconduct, although these are forms of sci-
entific misconduct in stricto. Type V errors are 
not errors but, rather, willful deception by the 
investigator: the error occurs when the scientific 
community accepts the fraudulent conclusions.
The public is most interested in type V errors, 
or fraud. The logic and statistics of type I and II 
errors are usually beyond the ken of the man 
on the Clapham omnibus; type IV errors are the 
domain of the nitty-gritty techniques of science, 
related to the details of craftsmanship, and of 
only modest public interest. However, the pub-
lic — and therefore the press — can really sink 
its teeth into type V errors. The public has often 
paid through taxes or charitable donations for 
the research involving type V errors, and most 
everyone is versed enough in Shakespeare to 
recognize the human weakness for power, fame, 
and fortune.
Can there be a community approach to iden-
tifying and decreasing type V error? There are 
several steps to be considered: precise definition; 
procedures for detection; prevention; treatment 
of the errors; and punishment of the perpetrators.
We have already defined type V error: it 
is fraud. The detection of all types of error is 
performed by members of the scientific com-
munity in their roles as reviewers, editors, and 
readers of scientific papers and is most often 
performed within the defined universe of the 
peer-reviewed scientific literature. Scientific 
discovery and other scientists’ attempts to 
reproduce findings often lead to the correction 
of inadvertent errors in the published literature, 
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and thus to the advancement of science. The procedures fol-
lowed in the detection and analysis of fraud, however, are 
poorly defined (see the recent BMJ article relating Richard 
Smith’s long pursuit of a misconduct case for that journal; 
BMJ 331:288–91, 2005), and it is the responsibility of the 
scientific community through its professional organiza-
tions to address this problem. The process proceeds slowly 
because of the complexity of the review, the potential legal 
issues, and the rules of governmental scientific misconduct 
bodies. These issues may lead to the failure to aggressively 
pursue scientific malfeasance.
The treatment of fraud often involves retraction and is 
complicated by the possibility of wrongly punishing inno-
cent authors of multi-authored papers. Prevention is always 
the best treatment, and this falls to those responsible for the 
scientific and ethical education of pre- and postdocs and the 
supervision and management of industrial, academic, and 
government laboratories. It also falls to individual authors to 
be active in and knowledgeable about data collection, data 
interpretation, and the writing up of papers that bear their 
name. As recent events have shown, multisite research is 
powerful but is ripe ground for misconduct to take root.
Punishment is always the most difficult issue. It is 
almost certainly more a dream than a reality that humilia-
tion through the retraction of a high-profile paper or chas-
tisement in the popular press is effective in changing the 
equivalent of sociopathic behavior in the wayward scien-
tist. Is prohibition from grant funding enough punishment? 
Or should the exposed individual forever have a scarlet 
“F” emblazoned on his or her research when it comes up 
for review? "F" can be for falsifier, fraud, fabricator, faker, 
or felon. Dante’s punishment for “falsifiers,” including the 
alchemist and the manufacturer of shoddy materials, was 
severe: they were consigned to the eighth circle of Hell and 
afflicted with intractable, excruciating itching and sores. 
Maybe Dante had it right.
The competition for cutting-edge papers is keen, and so 
errors of all types are a growth industry. As a recent New 
York Times article put it, “Science from the frontiers of 
knowledge…is wild, untamed and often either wrong or 
irrelevant to future research” (“Lowering Expectations at 
Science’s Frontier,” NY Times 15 January 2006). But compe-
tition for novel science may balance another form of error. 
In 1984 Dr. James Goodwin introduced the term “tomato 
effect” to describe how the medical community initially 
rejects highly efficacious therapies (JAMA 251:2387–90, 
1984). He observed that the tomato was generally not 
eaten in Northern Europe or the United States until 1820, 
because “everyone knew” it was poisonous. It was not until 
Colonel Robert Gibbon Johnson publicly ate a tomato in 
Salem, New Jersey, that it was accepted that the tomato was 
not poisonous (http://www.mhhe.com/biosci/pae/botany/
botany_map/articles/article_35.html). The scientific com-
munity, especially journals and study sections, is suscep-
tible to the tomato effect. The history of science is full of 
rejected manuscripts and failed grant applications that con-
tradicted the foundation of knowledge. We must constantly 
guard against rejecting new ideas and new results simply 
because they contravene accepted dogma.
The readers, authors, reviewers, and editors of the Journal 
of Investigative Dermatology all need to be aware of the 
potential for errors of types I through V, including fraud, 
while remaining open to new ideas and avoiding the toma-
to effect. Working together, we hope to accept what is true, 
reject what is false, and avoid being assigned to our own 
specific circle of Hell.
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